The object of our investigations has been to study the composition of sebum and to elucidate its role in maintaining the health of the skin. In a previous paper on the hydrocarbons of sebum (Boughton, Hodgson-Jones, MacKenna, Wheatley & Wormall, 1955) we observed that the squalene content of sebum showed wide variations, both in samples collected from the same subject on different occasions and between samples collected from different subjects. This variation may be peculiar to squalene or it may indicate a variation in the overall composition of sebum. To investigate this possibility, we have, therefore, studied the comparable variations in another constituent of sebum, cholesterol, and have also extended our observations on squalene in a study of the possible role of this hydrocarbon in the metabolism of the skin. A preliminary report of part of this work has already appeared (MacKenna, . EXPERIMENTAL Estimation of the squalene and cholesterol contents of sebum. Samples of sebum were collected by the polythene-cup method already described (Boughton et al. 1955 Depilatory studies. The depilatory effect of a number of substances was studied. The test substance (1 ml.) was pipetted on to the skin of a rabbit and lightly rubbed in with the tip of the finger. The site chosen for most experiments was the top of the head between the ears since this site is the least accessible to the animal. It is possible, however, that the hair of this region may be slightly different from that of the rest of the body, and, in order to exclude this possibility, experiments were performed in which the same test substance was applied simultaneously to the head and the centre of the back. After application of the test substance the site of application was examined at daily intervals until hair loss occurred. Preliminary experiments were also performed with the rat, mouse or guinea pig as the test animal, but these animals proved to be much less sensitive to the substances producing depilation than did the rabbit.
The object of our investigations has been to study the composition of sebum and to elucidate its role in maintaining the health of the skin. In a previous paper on the hydrocarbons of sebum (Boughton, Hodgson-Jones, MacKenna, Wheatley & Wormall, 1955) we observed that the squalene content of sebum showed wide variations, both in samples collected from the same subject on different occasions and between samples collected from different subjects. This variation may be peculiar to squalene or it may indicate a variation in the overall composition of sebum. To investigate this possibility, we have, therefore, studied the comparable variations in another constituent of sebum, cholesterol, and have also extended our observations on squalene in a study of the possible role of this hydrocarbon in the metabolism of the skin. A preliminary report of part of this work has already appeared (MacKenna, . EXPERIMENTAL Estimation of the squalene and cholesterol contents of sebum. Samples of sebum were collected by the polythene-cup method already described (Boughton et al. 1955) . The cup was made from the upper part of a polythene filter funnel 6 cm. in diameter, cut across about 2-5 cm. from the top. The cup was pressed against the body and the area of skin enclosed extracted with one or two portions of carbon tetrachloride (glass-distilled). Several adjacent areas of skin were extracted in this-manner in order to obtain samples sufficiently large for analysis, and the combined extracts were filtered, evaporated to small bulk under reduced pressure and then diluted to 15 ml. with carbon tetrachloride. Suitable samples of this solution were used for analysis. The sebum content of the solution was estimated by evaporating a sample in a tared microflask and weighing the residue (Hodgson-Jones & Wheatley, 1952) , squalene was estimated by the iodometric method and cholesterol by the LiebermannBurchardt method. It was observed, however, that the iodometric titration ofsqualene was unreliable with amounts of squalene of less than 75 pg.; if therefore the thiosulphate titration required less than 0-5 ml. of 0-005N thiosulphate the determination was repeated with a larger sample. * Part 7: Wheatley & James (1957) .
Combination with SH groups and inhibition of enzymes. The colorimetric method (Kun & Abood, 1949) was found to be unsuitable for the estimation of succinic dehydrogenase in the presence of squalene, owing to the preferential solubility of the coloured complex in the squalene. Manometric methods were therefore used for the determination of succinic dehydrogenase, cytochrome oxidase, urease, and of whole-yeast fermentation. The SH groups of glutathione solutions were estimated by the ferricyanide method of Mason (1930) .
Depilatory studies. The depilatory effect of a number of substances was studied. The test substance (1 ml.) was pipetted on to the skin of a rabbit and lightly rubbed in with the tip of the finger. The site chosen for most experiments was the top of the head between the ears since this site is the least accessible to the animal. It is possible, however, that the hair of this region may be slightly different from that of the rest of the body, and, in order to exclude this possibility, experiments were performed in which the same test substance was applied simultaneously to the head and the centre of the back. After application of the test substance the site of application was examined at daily intervals until hair loss occurred. Preliminary experiments were also performed with the rat, mouse or guinea pig as the test animal, but these animals proved to be much less sensitive to the substances producing depilation than did the rabbit.
Fungicidal and bactericidal activity of squalene. Table 1 . These results show that the squalene content of sebum is significantly lower in children than in adults (P < 0001) but there is no significant difference between the values for adult males and those for adult females (P > 0 05). Wide variations in normal subjects were found to occur and this was much more marked in the children than in adults. A dot diagram was plotted of the squalene content and age but no change was found to occur at any age group.
Daily variations. Determinations were made on the sebum collected from the backs of normal subjects, five females and three males. The samples were collected at daily intervals (excluding weekends) for periods varying from 14 to 28 days. The typical results of a male and a female subject (Fig. 1) indicate the appreciable variation encountered. The range of squalene content from the other six subjects was as follows: the four females, 10-6-15-2, 10-0-12-4, 8-8-11-6 and 6-8-8-8 respectively, and the two males 4-9-10-2 and 6-3-9-5. In the female subjects the changes in squalene content could not be related to the menstrual cycle (see Fig. 1 ).
Variations over the surface of the body. Samples were collected from a group of normal subjects, four males and four females, from five different areas of the body of each subject, namely, the back, chest, abdomen, arms and legs (Table 2) ; all the samples from a particular subject were collected on one day and as far as possible during the same part of the day. In view of the wide variations already encountered, detailed analysis of these results has not been attempted, but in practically every case the squalene content of the sebum from the back and chest was consistently higher than that from other areas.
Correlation with sebum level. A dot diagram ( Fig. 2 ) of the squalene content of sebum plotted against the sebum level (pg. of sebum covering 1 cm.2 of skin) showed that for a sebum level greater than 40 j1g./cm.2 the squalene content was independent of the sebum level. For sebum levels below this limit the squalene content dropped as the sebum level fell.
Oxidation of squalene in thin films in vitro and in vivo. One explanation of the wide variations in the squalene content of sebum could be that squalene is oxidized after secretion on to the skin surface and that the variations are due to different rates of oxidation caused by variations in local conditions.
To test this hypothesis, thin films were prepared by evaporating squalene-containing fatty materials dissolved in carbon tetrachloride in a stream of nitrogen in 100 ml. flasks, kept constantly rotated during the evaporation in order to spread the lipid over the walls of the flasks. These were then set aside and the lipid was allowed to oxidize at room 3 Light petroleum 11.5 * (a), (b) and (c) were collected after intervals of 2, 3 and 4 hr. respectively. ably higher than that of the casually collected sample if the squalene in sebum on the skin surface is extensively oxidized. The results (Table 3) showed that the squalene content of the second sample was usually slightly higher than that of the first sample, but the difference was often negligible. (Fig. 3) . The subject exhibiting wide daily variation (curve B, Fig. 3 ) had a consistently low sebum level on the back (11-27 ,g./cm.2). Variation8 over the 8su?bface of the body. The cholesterol content of samples of sebum collected from the back, chest, abdomen, arms and legs of eight subjects, four male and four female, are given in Table 7 . Here again the subject (B.B.) who exhibited wide daily variations in cholesterol content also gave consistently high values for all areas, whereas in the other subjects the values for the back and chest were generally lower than for other areas.
Correlattion with 8ebum level. A dot diagram of the cholesterol content of sebum plotted against the sebum level (Fig. 4) showed a striking correlation. For high sebum levels the cholesterol concentration in the sebum was very constant and was independent of the sebum level, but with low sebum levels the cholesterol content increased rapidly as sebaceous activity of the subject, of which the sebum level gives a rough indication, thus markedly influences the cholesterol content of the film of sebum on the skin surface. Squalene-chole8terol correlation. A dot diagram (Fig. 5) showed that although there was a general tendency for the cholesterol content to increase as the squalene content fell there was no convincing relationship between these two components of sebum.
DISCUSSION
In a previous paper (Boughton et al. 1955) we summarized the known and suggested biochemical actions and functions of squalene. These are (a) its role as an intermediary in sterol metabolism (Langdon & Bloch, 1953; Cornforth & Popjak, 1954) , (b) its ability to inactivate free SH groups and to inhibit SH-containing enzymes (Flesch, 1951) , (c) its action as a reversible depilatory when applied to certain animals (Flesch, 1951) and (d) its fungistatic action against certain dermatophytes (Sobel, Marmorston & Arzangoolian, 1954) . In the present study an attempt has been made to investigate certain of these reported actions of squalene. We have been unable to confirm the claims that squalene is able to inactive SH groups and inhibit SH-containing enzymes, and that it has a significant bactericidal or fungicidal action. When applied to the skin of rabbits it caused reversible hair loss, but similar hair loss was also caused by a variety of saturated and unsaturated lipids and similar substances. We were unable to demonstrate any convincing hair loss when squalene was applied to guinea pig, mouse or rat skin. These results are in agreement with those of Kandutsch & Baumann (1955) who failed to cause depilation ofthe mouse by repeated application of undiluted squalene, though they did observe some hyperplasia of the epidermis. In previous work (Boughton et al. 1955) we did not observe any action on pigmentation or hair growth when squalene was applied to the skin of normal human subjects, nor did it show any therapeutic action when used to treat, by topical application, certain diseases of the skin. We have, therefore, been unable to assign a direct action on the skin which is peculiar to squalene. It has, however, been shown recently by El Ridi, Azouz & Hay (1955) that squalene is essential for promoting lactation in the rat and, since the mammary gland can be regarded as a modified sebaceous gland, an indirect action of squalene on sebaceous activity is still possible.
The wide variations in the squalene content of sebum, both from day to day and between different individuals, have been confirmed. There is, however, no evidence for wide overall variations in sebum composition, since the cholesterol content of sebum appears to be remarkably constant. No explanation for this variation in the squalene content of sebum has been found; from the evidence available it appears probable that the variations are not due solely to variation in the rates of oxidation of squalene once it reaches the surface of the skin. The simple excretion through the skin of an excess of squalene over that required in sterol synthesis cannot be excluded. The cholesterol in the film of lipid on the skin surface arises from two sources, the sebaceous glands and the cells of the keratinizing epidermis. In other work (Hodgson-Jones, MacKenna & Wheatley, 1952) little evidence was obtained that the amount of lipid arising from the homy-layer cells of the epidermis was significant in comparison with that coming from the sebaceous glands, and we have therefore referred to this lipid film as sebum. We have now shown that for low sebum levels the amount of cholesterol arising from the epidermis can appreciably alter the composition of the surface film. We can, therefore, no longer regard the surface skin lipid collected from areas of skin with low sebum levels, e.g. the arms and legs, as being pure sebum. For experimental work in which the composition of the sebum of different subjects is being compared, sites of high sebaceous activity, e.g. the back, should be used. Even then measurement of the 'sebum level' of the area should also be made and due consideration given to the possible contamination with epidermal lipid should the sebum level fall below the critical value of 50 ,ug./cm.2. This finding also explains why the cholesterol content of the 'sebum' of children is higher than that of the adult, since the 'sebum' of children, who generally have 'sebum levels' below the critical limit, is appreciably diluted with epidermal cholesterol. A similar explanation has recently been put forward by Nicolaides & Rothman (1955) .
Study ofthe variations of only two components of sebum has proved to be of limited value. Histochemical and other evidence indicates that appreciable lipid synthesis takes place in the sebaceous gland; in order to be able to detect changes in this metabolic activity due to disease and other factors a much more detailed study ofthe overall variations in sebum composition is required. Until recently such a study has not been possible owing to a lack of suitable small-scale methods of lipid analysis; recent advances (James & Martin, 1956; The squalene and cholesterol contents of the sebum from the backs of normal children and adults have been studied. It has been confirmed that the squalene content of sebum is lower and the cholesterol content higher in children than in adults.
2. A relationship between the sebaceous activity of a particular area of skin and the squalene and cholesterol content of the sebum derived therefrom has been demonstrated. It is considered that dilution of the surface-film lipids by lipids from the horny-layer cells significantly alters the composition of the 'sebum' in areas of skin with low sebaceous activity, e.g. most skin areas of the child and the arms and legs of adults. This apparent dilution could account for the observed differences between the squalene content of the 'sebum' from children and that of adults. To avoid this dilution effect, it is suggested that for studies of the composition of sebum the sample should be collected from the back.
3. The wide variations in the squalene content of sebum, both from day to day and between different individuals, has been confirmed. This is not due to epidermal contamination of the sample nor solely to variable rates of oxidation of squalene in different samples of sebum.
4. Claims that squalene can inactivate SH groups and inhibit certain enzymes have not been confirmed, and squalene does not appear to possess significant fungicidal or bactericidal properties. It can cause reversible depilation in the rabbit but not in the guinea pig, mouse or rat, and this property is not specific for squalene but is shared by a number of saturated and unsaturated lipids.
